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S U  M M A R  Y 

by A. V. Pogorelov 

This  paper d e a l s  w i t h  t he  problem of  determining t h e  c r i t i c a l  

va lue  of t he  mament M, c r ea t ed  by uniformly d i s t r i b u t e d  t a n g e n t i a l  

f o r c e s  alony the  edge of a convex s h e l l  of r o t a t i o n ,  which l e a d  t o  sta- 
b i l i t y  loss. 

/ 
* 

* * 

Assume t h a t  a s t r i c t l y  convex r o t a t i o n a l  s h e l l  is under the  

a c t i o n  of a moment M, c r ea t ed  by uniformly d i s t r i b u t e d  t a n g e n t i a l  

f o r c e s  a long  i t s  edge. When t h i s  mment reaches  a c e r t a i n  c r i t i c a l  value, 
t he  s h e l l  l o s e s  its s t a b i l i t y  and t h e r e  appears  on i t s  s u r f a c e  a system 

of  hollows, r e g u l a r l y  d i s t r i S u t e d  a long  the p a r a l l e l  ( Fig .1) .  Our problem 
c o n s i s t s  i n  determining such c r i t i c a l  moment M, 

Because t h e  l o a d  rece ived  by t h e  s h e l l  at time of  loss of s t a b i l i -  

t y  is  s t a t i o n a r y ,  the  c r i t i c a l  value of M can be determined as t he  moment 
r ece ived  by t h e  s h e l l  a t  notable  bulging. The 

d e f o r m t i o n  of the s h e l l  can then be approxi- 

mated by the  i s o m e t r i c  t ransformat ion  of t h e  

o r i g i n a l  shtzpe, and we may l i m i t  ou r se lves  t o  

t a k i n g  i n t o  account on ly  t h e  deformation energy 

a t  the  boundmy of the  bulg ing  reg ion ,  Then, t h e  deformation E p e r  u n i t  

65% 
Fig. 1 
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of boundary l e n g t h  Y w i l l  be determined by the  formula 

Eere i s  the  angle  between the contiguous plane of t h e  curve and 

t h e  t z n g e n t i a l  p lanes  of the  su r face ;  p is the  curva ture  r a d i u s  of y: 
h is t h e  v a r i a t i o n  of t he  normal ccimber of the  s h e l l  at t r ans i t i cm through 

the  bul- ing boundary, The remaining q u a n t i t i e s  have t h e  u s u a l  meaning: 

E i s  c.ie e l a s t i c i t y  module, 3 t h e  Poisson c o e f f i c i e n t ,  6 i s  t h e  th ick-  

nes s  o f  the  s h e l l .  

decause c i t  t h e  i n i t i a l  s t a g e  of s h e l l ' s  s u p e r c r i t i c a l  deforma- 

t i o n ,  i t  undergoes s u b s t a n t i a l  chznges only a t  bu lg ing  r eg ion  boundaries,  

t h e  f i n i t e  bending of  t h e  sur face  of t he  s h e l l ,  beyond t h e  s m a l l  v i c in i ty  
of t he  i n d i c a t e d  boundary can be s u b s t i t u t e d  by  an i n f i n i t e l y  small ona 
The bending f i e l d s  of i n f i n i t e l y  small bending8 i n s i d e  the  bulging reg ion6  

and beyond them a r e  s u b j e c t  a t  t h e  boundary t o  a s p e c i a l  i n t e r l i n k i n g  

cond i t ion ,  n=tura . l ly  stexXing from the  f a c t ,  t h a t  t h e  deformation of t h e  

t h e  s h e l l  is near  the  i s o z e t r i c  t ransformation.  As a r e s u l t ,  an obvious 

m a l y t i c a l  e x p e s s i o n  i s  obtzined f o r  the  deformation of t he  s h e l l  i n  t h e  

zope of s u b s t a n t i a l  shape vaz ia t ions .  We s h a l l  n o t  b r i n g  f o r t h  t h i s  expres- 

s i o n ,  i n d i c a t i n g  only,  t h a t  the ener&T of deformation, determined per  u n i t  

of boucdary l eng th  by formula (l), being  computed f o r  t he  e n t i r e  boundary 

of a l l  t h e  n r eg ions  of bulging, w i l l  be 

Here R l a n d  R2 
reg ions .  The parameters and c h a r a c t e r i z e  t h e  shape of bulg ing  

r eg ions  and the  q u a n t i t y  

formuls i s  obtained i n  the  assunpt ion,  t h a t  t h e  bulg ing  r eg ions  a r e  small 
t h a t  they  have zn e l l i p t i c a l  shape and are dense ly  disposed ( great n). 

z r e  the  main curva ture  r a d i i  a t  t h e  c e n t e r s  of bu lg ing  

6 - t h e  va lue  of sagging  i n  t h e  r e g i o m .  The 

Fur the r ,  we de tern ine  t h e  work per forned  by the  moment M 

A = Me, 
where & is  t h e  angle of t o r s i o n  of t h e  s h e l 1 , t h i s  q u a n t i t y  being a l so  
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dependent on the  p a r m e t e r s  c h a r a c t e r i z i q g  the  bulg ing  r ey ions ,  and the 
fo l lowing  formula is  obta ined  f o r  i t  

Here 

the  meridian; 

t h e  c e n t e r s  of the bulg ing  reg ions ;  &y is the  d i s t a n c e  between t h e  

c e n t e r s  of these  regions.  

is the  angle,  at which the axes of bulg ing  r eg ions  a r e  i n c l i n e d  t o  
p i 6  the  r a d i u s  o f  t he  p a r a l l e l ,  over which are disposed 

From the  cond i t ion  of s h e l l ' s  equi l ibr ium 

d 
da - ( U - A )  = 0 

we o b t a i n  the  co r re l c i t i on  f o r  the moment 13, r ece ived  by the  s h e l l  a t  

bulging. Bearing i n  mind thiat  nAy = 2np, 

the  form 

thus  c o r r e l a t i o n  can be given 

np2E63 (i + 2 0 7  - 3 sin 260M = 0, V E ( 1  -vZ) p'm 
LP 
4-lr 

wl-ere The c r i t i c a l  value of M is  the  l e a s t  va lue  determined by 

t h i s  c o r r e l a t i o n .  It is obtained a t  0 = % and @ =  45O. 
Therefore ,  the c r i t i c a l  v3lue of M is determined by the  formula 

np3E6'J M, = --- Vi? (1 - vi') V r n  

The l o s s  of s t a b i l i t y  is acconpanied by the  formatiom on 8hel1 '6  

s u r f a c e  OS s t r o n g l y  s t r e t c h e d  hollows (W = % ,  i n c l i n e d  t o  the  meridian 
a t  the  angle  '8 = 4 5 O  (Fig.  1). 
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